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OF SYMMETRICAL FUSELAGE AT MACH NUMBERS 1.8 and 2.0

By George A. Wise and Murray Dryer

SUMMARY

An experimental investlgation of the flow field downstream of a
canard-type control surface and in the vicinity of a symmetrical body
wag conducted in the NACA Lewis 8- by 6-foot supersonic tunnel at
Mach numbers of 1.8 and 2.0. Local stagnation pressures and flow
deflection angles were measured 2.14 mean aerodynamic chord lengths
downstream of the trailing edge of the control surface. A range of
body angles of attack from 0° to 12° and control surface deflections
of 0°, 5°, and 10° were investigated. Data were also obtained with
the control surface removed.

The results indlcated severe total pressure losses and large
flow deflections in the control surface wake. A brief comparison of
measured downwash with theory ls made, and the effect of body sidewash
on the location of the vortex cores ies discussed.

INTRODUCTION

The behavior of the vortex system behind a lifting surface has
been ;pvestigated both theoretically and experimentally by a number of
investigators (references 1 to 8). It is pointed out in reference 4 K
that a knowledge of this flow field is essential for a rational S
approach to stability and control problems. Furthermore, if an alr
induction system is located in the disturbed flow reglon, the perfor-
mance of the propulslon system may be penalized.

(] b

The investigatlon reported in reference 6 shows that the disturb-
ances originating from a trapezoldal canerd-type control surface still
have considersble strength approximetely 10 mean aerodynamic chord
lengths downstreem of the control surface. This lnvestigation was
extended to determine the characteristics of the flow field 2.14 mean i
aerodynemic chord lengths downstream of the trailing edge of 'a tri-
angular cortrol surface and was performed in the NACA Lewls 8- by 6-
foot supersonic tunnel at Mach numbers of 1.8 and 2.0

"
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Total pressures and downweash angles were measured over a range of
body anglesoof attack from 0° to 12° and at control surface deflectlon
angles of 0, 5°, and 10°. Date were also obtained with the control 6:.
surface removed. The Reynolds number of the investigation was 3.8x10
based on the mean aerodynamic chord of the control surface.

SYMBOLS

L7523

The following symbols are used in this report: B

A agpect ratio

b span of control surface
C; coefficient of 1ift for control surface (1inearized theory)
c chord v
v/2 -
c2 dy R
- 0
c mean zerodynamic chord /2
c 4y
0
" total pressure
M Mach number e -
s' distance between vortex cores .
Vo free-stream veloclty

w downwash velocity (positive downward)
¥ distance meassured horizontally from body axis

o angle of attack with respect to free-stream direction, deg

& angle of downwash with respect to free-stream direction
(positive downward), deg _ o s

3] canard deflection angle with respect to body axls
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Subscripts:

0] free stream

1 local
B body
c control surface

APPARATUS AND PROCEDURE

A sketch of the model is presented in figure 1(a), and details of
the canard control surface are shown in figure 1(b). The fuselage was
a body of revolution; and the control surface was a delta wing having
reked tips, asgect ratio of 1.7, leading edge sweepback of 60°, and a
dihedral of 15-.

The wake survey system, illustrated in figure 2, was located 22.27
inches or 2.14 mean serodynamic chord lengths downstream of the trail-
ing edge of the control surface. It wes canted down at an angle of 5°
to permlt the wedges, which were limited in their useful angle of attack
range, to operate from -5° to +7° instead of from 0° to 12°. Local
Mach numbers and flow deflection angles were measured with the wedges,
and the Mach numbers were used to correct the pitot pressures for nor-
mal shock losses. The total pressure ratios had an estimated accuracy
of £0.02 at points of measurement, and the maximum error in the down-
wash angles was estimated to be 0.5°. Duplicate runs were made with
the survey system shifted laterally 1.25 inches in order to obtain
Mach number data for each row of total tubes.

o

Boundary layer rakes were located circumferentislly &t 2231
intervals around one-hslf of the fuselage with surface static orifices
at each rake. A photograph showing the boundary layer rakes and the
wake survey system mounted on the body is shown in flgure 3.

RESULTS AND DISCUSSION

Experimental results. - The flow fleld around the body with the
control surface removed is lllustrated by means of total pressure ratio
contours in figures 4 and 5 for Mach numbers of 1.8 and 2.0, respec-
tively. A region of thickened boundary layer 1s indicated on the lee
side of the body at angle of attack and becomes more pronounced with
increasing angle of attack, finally resulting in sepsration. This is
similar to the results of references 7 and 8. Measurements indicate
negligible downwash outboard of a position 5.75 inches (or 1.54 body
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radil) from the body axis in a horizontal direction; therefore, no down-
wash contours are included in flgures 4 and 5.

The flow characteristics downetreem of the control surface in the
survey plane are presented in figures 6 to 10 for a Mach number of 1.8
and figures 11 to 15 for a Mach number of 2.0. It is indicated in
figures 6 to 15 that, when the control surface was inclined to the free
stream direction, & vortex was generated whose core was located in the
vicinity of the streamwlse projection of the tip of the control surface.
Also, a region of lowered total pressure was propagated downstream, and
the ares of the region increased with increasing body and control sur-
face angle of attack. It is also indicated that the formation of body
cross-flow vortices (figs. 4 and 5) is inhibited by the presence of
the control surface (figs. 10 and 15).

The downwash contours indicated a simple flow field consisting of
esgentially one main vortex at body angles of attack less than g° (figs.6
to 8 and 11 to 13) and indicated a more complex flow for body angles
of attack of 9° and 12° (figs. 9, 10, 14, and 15), as noted from the
more complex downwash contours. The origin of this more complex system
poesibly lies in the interaction of the body cross flow with the vor-
tex sheet generated by the control surface.

A comparison of figures 6 to 10 with figures 11 to 15 indicates
that the same type flow occurred at both Mach numbers.

Cogggpisoﬁ with theory. - The spanwise locations of the vortex
cores, as measured by assuming that the core lies on the Imaginary zero
line of the downwash contours, are shown in figure 16 for the range of
control surface angles of attack at Mb = 1.8 and 2.0. Included for
comparison with available theory (reference 2) are the theoretical
asymptotic spacings of the vortex cores which trail behind (a) an ellip-
tical wing having ellipticel loading and (b) a triangulsr wing as cal-
culated from experimental span loadings. Thus it must be remembered
that the experimental model differs from the theoretical model in the
following respects: (a) The experimental spsn loading is neither ellip-
tlcal nor cen 1t be assumed to be that of the triangular wing of ref-
erence 2, as & consequence of the control surface dihedrsl, raked tips,
aspect ratlio of 1.7, gap effects, and the presence of the syimetrical
fuselage; and (b) the experimental date are significently affected by
the presence of the body, while the theory is for & wing alone.
Although the asymptotic spacings for the control surface vortex cores
are not known, 1t 1s belleved that, for MO = 2.0and 5 = Oo, the core
locatlons at o, > 10° are close to those which would be determined
by several downstream survey stations. Thus, agreement of the experi-
mental vortex core locations with those for the triangular wing occurs
within 5 to 10 percent of the spanwise distance for the range

iir9qz



P

NACA RM E52E13

¢YL9

S = gl

SECURITY INFORMATION

Copy 251

9ThERTO

A

WN ‘gdvy AHVHE!T HO3L

LRI G

RESEARCH MEMORANDUM

INFLUENCE OF A CANARD-TYPE CONTROL SURFACE ON FLOW FIELD
IN VICINITY OF SYMMETRICAL FUSELAGE AT MACH NUMBERS
1.8 AND 2.0
By George A. Wise and Murray Dryer

Lewis Flight Propulsion Laboratory

Cleveland, Ohio
9, T /

. M l
r
—2 & u
CLASSIFIED DOCUMENT
’I‘Msmtermleonta.ln:Mbrmuonnﬂecdnctbemtbmwmdthsmmdsmuuwﬂhmthsme
of the espionage laws, Title 18, U.S.C., Secs. 703 and 704, the orr of which in any
- mnmrtomumnhorlmdpemonisprobibuadbylaw

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

WASHINGTON
Tuly 16, 1952

<

RM E52E13

e i

w RE. JR'D
“




2547

TECH LIBRARY KAFB, NM

LT

0Lku4341k

NACA RM ES2EL3 w

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

INFLUENCE OF A CANARD-TYPE CONTROL SURFACE ON FLOW FIELD IN VICINITY
OF SYMMETRICAL FUSELAGE AT MACH NUMBERS 1.8 and 2.0

By George A. Wise and Murray Dryer

SUMMARY

An experimental investlgation of the flow field downstream of a
canard-type control surface and in the vicinity of a symmetrical body
wag conducted in the NACA Lewis 8- by 6-foot supersonic tunnel at
Mach numbers of 1.8 and 2.0. Local stagnation pressures and flow
deflection angles were measured 2.14 mean aerodynamic chord lengths
downstream of the trailing edge of the control surface. A range of
body angles of attack from 0° to 12° and control surface deflections
of 0°, 5°, and 10° were investigated. Data were also obtained with
the control surface removed.

The results indlcated severe total pressure losses and large
flow deflections in the control surface wake. A brief comparison of
measured downwash with theory ls made, and the effect of body sidewash
on the location of the vortex cores ies discussed.

INTRODUCTION

The behavior of the vortex system behind a lifting surface has
been ;pvestigated both theoretically and experimentally by a number of
investigators (references 1 to 8). It is pointed out in reference 4 K
that a knowledge of this flow field is essential for a rational S
approach to stability and control problems. Furthermore, if an alr
induction system is located in the disturbed flow reglon, the perfor-
mance of the propulslon system may be penalized.

(] b

The investigatlon reported in reference 6 shows that the disturb-
ances originating from a trapezoldal canerd-type control surface still
have considersble strength approximetely 10 mean aerodynamic chord
lengths downstreem of the control surface. This lnvestigation was
extended to determine the characteristics of the flow field 2.14 mean i
aerodynemic chord lengths downstream of the trailing edge of 'a tri-
angular cortrol surface and was performed in the NACA Lewls 8- by 6-
foot supersonic tunnel at Mach numbers of 1.8 and 2.0
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Total pressures and downweash angles were measured over a range of
body anglesoof attack from 0° to 12° and at control surface deflectlon
angles of 0, 5°, and 10°. Date were also obtained with the control 6:.
surface removed. The Reynolds number of the investigation was 3.8x10
based on the mean aerodynamic chord of the control surface.

SYMBOLS

L7523

The following symbols are used in this report: B

A agpect ratio

b span of control surface
C; coefficient of 1ift for control surface (1inearized theory)
c chord v
v/2 -
c2 dy R
- 0
c mean zerodynamic chord /2
c 4y
0
" total pressure
M Mach number e -
s' distance between vortex cores .
Vo free-stream veloclty

w downwash velocity (positive downward)
¥ distance meassured horizontally from body axis

o angle of attack with respect to free-stream direction, deg

& angle of downwash with respect to free-stream direction
(positive downward), deg _ o s

3] canard deflection angle with respect to body axls
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Subscripts:

0] free stream

1 local
B body
c control surface

APPARATUS AND PROCEDURE

A sketch of the model is presented in figure 1(a), and details of
the canard control surface are shown in figure 1(b). The fuselage was
a body of revolution; and the control surface was a delta wing having
reked tips, asgect ratio of 1.7, leading edge sweepback of 60°, and a
dihedral of 15-.

The wake survey system, illustrated in figure 2, was located 22.27
inches or 2.14 mean serodynamic chord lengths downstream of the trail-
ing edge of the control surface. It wes canted down at an angle of 5°
to permlt the wedges, which were limited in their useful angle of attack
range, to operate from -5° to +7° instead of from 0° to 12°. Local
Mach numbers and flow deflection angles were measured with the wedges,
and the Mach numbers were used to correct the pitot pressures for nor-
mal shock losses. The total pressure ratios had an estimated accuracy
of £0.02 at points of measurement, and the maximum error in the down-
wash angles was estimated to be 0.5°. Duplicate runs were made with
the survey system shifted laterally 1.25 inches in order to obtain
Mach number data for each row of total tubes.

o

Boundary layer rakes were located circumferentislly &t 2231
intervals around one-hslf of the fuselage with surface static orifices
at each rake. A photograph showing the boundary layer rakes and the
wake survey system mounted on the body is shown in flgure 3.

RESULTS AND DISCUSSION

Experimental results. - The flow fleld around the body with the
control surface removed is lllustrated by means of total pressure ratio
contours in figures 4 and 5 for Mach numbers of 1.8 and 2.0, respec-
tively. A region of thickened boundary layer 1s indicated on the lee
side of the body at angle of attack and becomes more pronounced with
increasing angle of attack, finally resulting in sepsration. This is
similar to the results of references 7 and 8. Measurements indicate
negligible downwash outboard of a position 5.75 inches (or 1.54 body
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radil) from the body axis in a horizontal direction; therefore, no down-
wash contours are included in flgures 4 and 5.

The flow characteristics downetreem of the control surface in the
survey plane are presented in figures 6 to 10 for a Mach number of 1.8
and figures 11 to 15 for a Mach number of 2.0. It is indicated in
figures 6 to 15 that, when the control surface was inclined to the free
stream direction, & vortex was generated whose core was located in the
vicinity of the streamwlse projection of the tip of the control surface.
Also, a region of lowered total pressure was propagated downstream, and
the ares of the region increased with increasing body and control sur-
face angle of attack. It is also indicated that the formation of body
cross-flow vortices (figs. 4 and 5) is inhibited by the presence of
the control surface (figs. 10 and 15).

The downwash contours indicated a simple flow field consisting of
esgentially one main vortex at body angles of attack less than g° (figs.6
to 8 and 11 to 13) and indicated a more complex flow for body angles
of attack of 9° and 12° (figs. 9, 10, 14, and 15), as noted from the
more complex downwash contours. The origin of this more complex system
poesibly lies in the interaction of the body cross flow with the vor-
tex sheet generated by the control surface.

A comparison of figures 6 to 10 with figures 11 to 15 indicates
that the same type flow occurred at both Mach numbers.

Cogggpisoﬁ with theory. - The spanwise locations of the vortex
cores, as measured by assuming that the core lies on the Imaginary zero
line of the downwash contours, are shown in figure 16 for the range of
control surface angles of attack at Mb = 1.8 and 2.0. Included for
comparison with available theory (reference 2) are the theoretical
asymptotic spacings of the vortex cores which trail behind (a) an ellip-
tical wing having ellipticel loading and (b) a triangulsr wing as cal-
culated from experimental span loadings. Thus it must be remembered
that the experimental model differs from the theoretical model in the
following respects: (a) The experimental spsn loading is neither ellip-
tlcal nor cen 1t be assumed to be that of the triangular wing of ref-
erence 2, as & consequence of the control surface dihedrsl, raked tips,
aspect ratlio of 1.7, gap effects, and the presence of the syimetrical
fuselage; and (b) the experimental date are significently affected by
the presence of the body, while the theory is for & wing alone.
Although the asymptotic spacings for the control surface vortex cores
are not known, 1t 1s belleved that, for MO = 2.0and 5 = Oo, the core
locatlons at o, > 10° are close to those which would be determined
by several downstream survey stations. Thus, agreement of the experi-
mental vortex core locations with those for the triangular wing occurs
within 5 to 10 percent of the spanwise distance for the range

iir9qz
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8°< a, <12°. The core locations for & = 5° also agree within 5 to
10 percent for the range of «, between 12° and 16°. For & = 109,
however, there is no agreement probably as a result of {a) body cross
flow effects, (b) secondary effects due to vortices forming behind
the projecting root chord leading edge, or (¢} flow separation on the
control surfeace.

The effect of the body cross flow on the core locations is parti-
cularly noted at & = 0° and 5° at 2.0. For example, the span-
wise core location at & = 0° and o = 10° (that is, a, = 10°) is at
s'/b = 0.85; whereas, at & = 5° and ap= 5% 8'/b » 0.95. In the
latter case, the cores are prevented from moving inboard by the body
sidewash; in the former case, the vortex cores are above most body flow
disturbances. The schlieren photographs (fig. 17) at My = 2.0 and
8 = O° illustrate this movement of the vortex cores above the body
with increasing ogp.

The effect of the sidewash was further investigated in the follow-
ing manner: from water tenk measurements of a trisngular wing alone
(reference 2) the vortex core location was approximated (at a.station
corresponding to that investigated herein) to be s'/B = 0.90 at
o, = 3°. The 10 percent movement to s'/bs 0.99 for the core behind
the control surface at My = 2.0 and a, = 3° (fig. 16} was compared
with the deviation of & streamline which passes through a point corre-
gponding to the tip of the control surface as calculated by linearized
theory for the body alone at ag = 0°. The two deviations are of
equal magnlitude, Indicating that vortex core spanwise locations might
be predicted at low angles of attack by using body potential sidewash
to correct the locations indicated in reference 2.

In order to obtain some insight as to the trends and magnitudes
of the downwash angles and how they compare with theory, downwash meas-
urements at =2.0 and B = 0° were taken from the contours for
ap = 39, 69, 99, and 12° (figs. 12(a), 13(a), 14(a), and 15(a), respec-
tively). With the use of theoretical linearized 1ift coefficients,

the downwash angles are presented in figure 18 in the form ‘%L-gé
0 “L
egalnst %?, where W_ = tan g. For comparison, theoretical downwash
V
0

values (reference 2) are shown for a simple triangular wing (having

the same velues of C;, and A) whose cores are assumed to be located
in the same spanwise location given by the triangular wing in figure 18
at og &£ 120, that 1s, 8'/b = 0.79. Since the experimental vortex
cores are in different spanwise locations (fig. 16), no direct
quantitative comparison can be made. A qualitetive comparison of
theoretical and experimental downwash angles, however, is satisfactory
if the experimental vortex cores are assumed to be translated to the

.
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theoretical core location, s'/b = 0.79. TFor instance, if the curve

for = 3° (fig. 18) were translated to the left, good agreement

with theory would result. This agreement, useful for preliminary engl- -
neering studies, becomes less satisfactory inboard of the vortex core
as the body angle of attack 1s increased because of (a) Interference
effects between the body cross flow and the vortex sheet, and (b) the
difference between experimental and theoretical vortex strengths as
mesasured by the maximum ordinates of the downwash curves. The good
agreement that otherwise occurs (assuming translation of the core as
already suggested) is interesting in view of the fact that experimental
results were obtained using a body-wing combination with & wing (or con-
trol surface) having dihedral and raked tips, whereas theoretical
results considered the completely rolled-up vortex sheet far behind a

simple triangular wing.

LYSe

CONCLUDING REMARKS

An investigation at Mach numbers of 1.8 and 2.0 of the flow fleld
located 2.14 mean aerodynamic chord lengths behlind & canard-type con-
trol surface and in the vicinlity of a symmetrical fuselage indicated .
the following:

1. A dlsturbed region of severe total pressure losses and large flow
engulerities waes propegated downstream in a streamwise directlon of the
trelling edge of the control surface. This region increased in area
with increased inclination of the control surface to the free stream
flow. Starting at sbout a 9° body angle of sttack, a more complex flow
was noted, possibly as a result of interaction of the body cross flow
wilth the vortex sheet generated by the control surface. TLocatlion of an
engine inlet, lifting surfeace, or stebilizing surface would therefore
necesslitate consideration of these adverse flow conditions.

2. A brief qualitative comparison of theoretical and experimental
downwash angles showed good agreement at the low body angles of attack
wlth zero control surface deflectlon, assuming identical theoretical
and experimental vortex core locations.

Lewls Flight Propulsion Leboratory
National Advisory Committee for Aeronsutics
Cleveland, Ohio -
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Figure 4. - Contours of total pressure ratlo HZL/HO at station 44.66 and Mach number Mg of 1.8,
Cenard control surface removed.
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Figure 5. - Contours of totasl pressure ratio El/Ho et stetion 44.66 and Mach number Mg of 2.0.
Canard control surface removed.
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Figure 7. - Contours of Acwnwash ¢ and total pressure ratic HI/EO at station 44.66, Mach number Mg of 1.8,
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Figure 9. - Contours of downwash ¢ and total pressure ratio Bl/Ho 18 station 44.586, Mach number Ny of 1.8,
and body angle of attaeck of 9,
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Pigure 1l. - Contours of downwash ¢ and total pressure ratlo Hy/Ey &t station 44.66, Mach number Mg of 2.0,
and body angle of attack ag of 0 .
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Pigure 12. - Contours of downwash s and total pressure ratic  Hy/Hy at station 44168, Mach number Mg of 2.0,
and body angle of attack ag of 3°.
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Pigure 13. - Contours of downwash & and total pressure ratio H;/Hy at station 44.65, Mach number M5 of 2.0,

{c) B = 10°,

and body angle of attack ap of 8°.
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Pigure 14. ~ Contours of downwash & and total pressurs ratic MHy/Hy at station 44.86, Mach number Mg of 2.0,
and body angle of attack ag of 9°.
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Figure 15. - Contours of downwash ¢ and total pressure ratio Hy/Hy at station 44.58, Mach mmbder My of 2.0,
and body angle of attack ag of 129,
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Flgure 16. - Spanwise location of vortex cores downstream of a triepgular control

surface of espect ratio 1.7 at distance of 2.14 mean aserodynemic chord lengths
downstream of tralling edge. -
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Figure 17. - Schlieren photographs of vortex wakeo downstream of canard control surface.
¥,, 2.0; &, 0°.



26 F NACA RM E52E13

Fos

deg)

¥, 2.0 8, 0% z, 0;
Cr, (1inearized theory);

W
-— = tan ¢
Yo

[

>&no
NO,M W

1

SE
SR
o

//%‘
//ﬁ -
0

-1

Theoreticel downwash far behind a——é\ V

triangular wing (alone); vortices
-2 » are completely rolled up. =z, O;
8'/b ~ 0:79 (reference 2).

-3

-4 - . Lo 1
o] .2 - 4 .6 .8 T 1.0 o 1.2 1.4

S

Figure 18. - Comparison between experimental and theoretlcal downwesh.
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